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Abstract
We study inflation within the framework of non-canonical scalar field. In this scenario, we
obtain the inflationary observables such as the scalar spectral index, the tensor-to-scalar ratio, the
running of the scalar spectral index as well as the equilateral non-Gaussianity parameter. Then,
we apply these results for the exponential and inverse power-law potentials. Our investigation
shows that although the predictions of these potentials in the standard canonical inflation are
completely ruled out by the Planck 2015 observations, their results in non-canonical scenario can
lie inside the allowed regions of the Planck 2015 data. We also find that in non-canonical inflation,
the predictions of the aforementioned potentials for the running of the scalar spectral index and
the equilateral non-Gaussianity parameter are in well agreement with the Planck 2015 results.
Furthermore, we show that in the context of non-canonical inflation, the graceful exit problem of
the exponential and inverse power-law potentials is resolved.
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I. INTRODUCTION
Standard Big Bang cosmology is an extremely successful model at describing consider-
able issues such as the Cosmic Microwave Background (CMB) and the light nucleosynthesis.
Despite these remarkable success, it suffers from serious problems such as the flatness prob-
lem, the horizon problem and the magnetic monopole problem. Inflation is a beautiful idea
which was first proposed in the early 1980s and solved all of these problems [1–8]. In ad-
dition, inflation explains the origin of the anisotropy seen in the CMB radiation as well as
the Large Scale Structure (LSS) formation in the universe [9–12]. According to the inflation
theory, our universe undergoes an accelerated expansion period in the early stages of its
evolution [13, 14]. The standard inflationary scenario is based on a canonical scalar field
(called inflaton) which is minimally coupled to the Einstein gravity.
The non-canonical Lagrangian densities, motivated by string theory have also been used
in the inflationary models. In this class of models, the kinetic term is different relative to the
canonical case [15–23]. One class of non-canonical models is k-inflation in which the kinetic
term can dominate the potential one [15–18]. In [19], the authors studied various inflationary
potentials and showed that in the non-canonical scenario, the viability of inflationary models
can be improved.
There is one important class of non-canonical models in which the non-canonical kinetic
term is shown by a general form as ω(φ)X , where X is the canonical kinetic term and ω(φ) is
a general function of the scalar field φ. The authors of [22] considered the non-canonical ver-
sion of the chaotic inflationary potential, V (φ) = V0 (φ/Mpl)
p, with the exponential coupling
ω(φ) = eµ(φ/Mpl) and obtained the observational constraints on this model. They showed that
in contrary to the standard canonical scenario, the results of the chaotic potentials in the
non-canonical framework are compatible with the observations deduced from the WMAP7
data (see also [23]). This class of non-canonical models can be considered as a subset of
the Horndeski theory [22–27]. The Lagrangian of the Horndeski theory encompasses a wide
range of gravitational theories, such as standard canonical inflation[6, 8], non-minimally
coupled models [28, 29], non-canonical scalar field models [22, 30], Brans-Dicke theories [31],
Galileon inflation [32], field derivative couplings to gravity [33] and k-inflation [15, 16].
In the present work, we focus on the non-canonical scalar field models and examine the
viability of the two important inflationary potentials including the exponential and inverse
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power-law potentials in light of the Planck 2015 data. The predictions of these potentials
in the standard canonical inflation are incompatible with the observations [21, 34–36]. It is
interesting to see whether the non-canonical versions of the aforementioned potentials can
be resurrected in light of the Planck 2015 results. Furthermore, the exponential and inverse
power-law potentials in the standard canonical inflation suffer from a serious problem known
as the “graceful exit” problem in which inflation never ends and continues forever [20, 37].
We try to investigate whether this problem can be solved in the framework of non-canonical
inflation.
This paper is organized as follows. In Sec. II, we review the non-canonical inflationary
scenario and obtain the necessary relations governing the inflationary observables. In Secs.
III and IV, we apply the results of Sec. II for the exponential potential and the inverse
power-law potential, respectively, and investigate the viability of these models in light of the
Planck 2015 data. Our conclusions are presented in Sec. V.
II. INFLATION WITH NON-CANONICAL SCALAR FIELD
The action of a scalar field with the non-canonical kinetic term ω(φ)X and the potential
V (φ) is given by [22, 23]
S =
∫
d4x
√−g
[
M2pl
2
R + ω(φ)X − V (φ)
]
, (1)
where the scalar field φ is minimally coupled to the Einstein gravity. Here, Mpl = (8πG)
−1/2
is the reduced Planck mass, g is the determinant of the metric gµν , R is the Ricci scalar and
ω(φ) is the field coupling with the kinetic term X ≡ −1
2
gµνφ,µφ,ν.
Taking the variation of the action (1) with respect to the flat Friedmann-Robertson-
Walker (FRW) metric gµν = diag (−1, a2(t), a2(t), a2(t)), one can obtain the modified Fried-
mann equations as
3M2plH
2 − ω(φ)X − V (φ) = 0 , (2)
3M2plH
2 + 2M2plH˙ + ω(φ)X − V (φ) = 0 , (3)
where X = φ˙2/2, H ≡ a˙/a is the Hubble parameter and a dot indicates derivative with
respect to the cosmic time t.
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In the flat FRW background, varying the action (1) with respect to the scalar field φ
leads to the equation of motion
ω(φ) φ¨+
(
3ω(φ)H + φ˙ ω,φ
)
φ˙− ω,φX + V,φ = 0 , (4)
where (, φ) ≡ d/dφ .
In the context of non-canonical inflation, the slow-roll parameters are defined as [22]
ε ≡ − H˙
H2
, δX ≡ ωX
M2plH
2
, δφ ≡ φ¨
H φ˙
. (5)
In order to match our model with the observations, we need to calculate the inflationary
observable parameters. To finding these parameters it is needed to study the scalar and
tensor modes of perturbations during inflation. Using the Arnowitt-Deser-Misner (ADM)
formalism, one can obtain the power spectrum of the scalar (curvature) perturbations in the
slow roll limit as [22, 38]
Ps ≃ H
2
8π2Qs
, (6)
where
Qs ≡ ω(φ)φ˙
2
2H2
. (7)
One of the important inflationary observables is the scalar spectral index ns which deter-
mines the scale dependence of the scalar perturbation spectrum. This observable is defined
as
ns − 1 ≡ d lnPs
d ln k
∣∣∣
k=aH
, (8)
where the calculation should be done at the time of horizon exit, i.e. k = aH . The scalar
spectral index reported by the Planck team is about ns = 0.9644± 0.0049 (68% CL, Planck
2015 TT, TE, EE+lowP) [34].
Using the scalar power spectrum (6) and the approximation d ln k ≃ Hdt, the scalar
spectral index (8) at first order in slow roll parameters takes the form
ns − 1 ≃ −4ε+ 2ηH , (9)
where ηH is defined as
ηH ≡ −H¨
2HH˙
= ε− η
2
, (10)
and
η ≡ ε˙
Hε
. (11)
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From Eq. (9), one can calculate another observable called the running of the scalar
spectral index dns/d ln k at second order in slow roll parameters as
dns
d ln k
≃ dns
Hdt
≃ −8 ε2 + 10 ε ηH + 4η2H + 2 ξHηH , (12)
where
ξH ≡
...
H
HH¨
. (13)
Observational value for the running of the scalar spectral index is dns/d ln k = −0.0085 ±
0.0076 (68% CL, Planck 2015 TT, TE, EE+lowP) [34].
Now we are interested in obtaining the power spectrum of the tensor perturbations. The
tensor power spectrum can be calculated in a similar way to the one followed for the scalar
modes and in the slow roll regime it reads [22, 38]
Pt ≃ 2H
2
π2M2pl
. (14)
The scale dependence of the tensor power spectrum is determined by the tensor spectral
index defined as
nt ≡ d lnPt
d ln k
∣∣∣
k=aH
, (15)
where at first order in terms of the slow roll parameters, it reads
nt ≃ −2ε. (16)
Another important observable parameter is the tensor-to-scalar ratio defined as
r ≡ PtPs
, (17)
where the Planck 2015 data predicts an upper bound on the tensor-to-scalar ratio as r <
0.149 (95% CL, Planck 2015 TT, TE, EE+lowP) [34]. The r parameter in our model with
using Eqs. (6), (14) and (17) in the slow-roll approximation turns into
r ≃ 16 Qs
M2pl
= 16ǫ . (18)
Note that from Eqs. (16) and (18), one can easily get the consistency relation in non-
canonical scenario as r = −8nt which is same as that obtained in the standard canonical
inflation.
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One another observable predicted by inflation is the primordial non-Gaussianity which
can be generated due to quantum mechanical effects at or before horizon exit. The pri-
mordial non-Gaussianity can be used as a powerful tool to distinguish between different
inflationary models. Single field inflationary models with non-canonical kinetic term gener-
ate the equilateral form of the non-Gaussianity, so in this work we focus on the equilateral
configuration. The equilateral non-Gaussianity f equilNL , in the slow-roll approximation has
been evaluated in [22, 38] as
f equilNL ≃
85
36
ε− 5
6
ηH . (19)
Equation (19) indicates the equilateral non-Gaussianity is of order of the slow-roll param-
eters. Therefore, we can claim that our model in the slow-roll regime can produce small
non-Gaussianity. The measured value of the equilateral non-Gaussianity is f equilNL = −4± 43
(68% CL, Planck 2015 T+E) [34].
So far, we have obtained the inflationary observables ns, r,
dns
d lnk
and f equilNL in terms of the
slow-roll parameters. However, it is convenient to find them in terms of the potential V (φ)
and the field coupling ω(φ) and in this regards the parameter ε ≡ −H˙/H2 can be expresses
as [22]
ε ≃ M
2
pl
2
1
B2
(
V,φ
V
)2
, (20)
where B(φ) ≡ ω(φ)1/2. Using this, Eqs. (9) and (18) can be rewritten in the following forms
ns − 1 ≃
M2pl
B2
[
2
V,φφ
V
− 3 V,φ
2
V 2
− 2 B,φ
B
V,φ
V
]
, (21)
r ≃ 8M
2
pl
B2
V 2,φ
V 2
. (22)
In a similar way, the running of the scalar spectral index (12) and the equilateral non-
Gaussianity parameter (19) turn into
dns
d ln k
≃ 2M
4
pl
B4
V,φ
V
[
−V,φφφ
V
− 3 V
3
,φ
V 3
− 3 B
2
,φ
B2
V,φ
V
+
V,φ
V
(
B,φφ
B
+ 4
V,φφ
V
)
+
B,φ
B
(
3
V,φφ
V
− 4 V
2
,φ
V 2
)]
, (23)
f equilNL ≃
5
72
M2pl
B2
[
23
V 2,φ
V 2
− 12 V,φφ
V
+ 12
B,φ
B
V,φ
V
]
. (24)
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At the end of this section, we introduce the e-fold number which describes the amount
of inflation between two times, t and tf , and is defined as
N ≡
∫ tf
t
Hdt, (25)
where tf is the ending time of inflation. Note that around 40 to 60 e-folds are required
to solve the flatness and horizon problems [39, 40]. The number of e-folds N in the non-
canonical scenario under the slow-roll approximation is given by [22]
N ≃ 1
Mpl
∫ x
xf
B2(φ)
(
V
V,φ
)
dx , (26)
where x ≡ φ
Mpl
, xf ≡ φfMpl and φf is the field value at the end of inflation.
Until now, we have obtained the essential relations governing the inflationary observables
containing ns, r,
dns
d ln k
and f equilNL in the non-canonical inflationary model described by the
action (1). In what follows, we apply these results for the exponential and inverse power-law
potentials to check their viability in light of the Planck 2015 results. Note that the results of
the aforementioned potentials in the standard canonical inflationary setting are completely
ruled out by the Planck 2015 data [21, 34–36]. Besides, we are also interested in investigating
how the graceful exit problem of the exponential and inverse power-law potentials can be
solved in our non-canonical model.
III. EXPONENTIAL POTENTIAL IN NON-CANONICAL INFLATION
First, we examine one of interesting inflationary potentials which has an exponential form
as
V (φ) = V0 e
−α (φ/Mpl) , (27)
where V0 and α > 0 are constants. In the standard canonical inflation, the exponential
potential (27) leads to the power-law inflation with the scale factor a(t) ∝ tq where q > 1
[13, 41–44]. The power-law inflation in the canonical scenario suffers from the graceful exit
problem in which inflation never ends [20]. Furthermore, in the standard canonical setting,
the exponential potential (27) is disfavored by the Planck 2015 data [34–36]. All these
motivate us to examine the potential (27) in the non-canonical inflationary scenario to see
whether this potential can be resurrected in light of the Planck 2015 results and its graceful
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exit problem can be solved. To this end, in the action (1) we consider the field-dependent
coupling term as
ω(φ) = e−µ(φ/Mpl), (28)
where µ is a constant. This coupling is motivated by the dilatonic scalar field in string
theory [22, 45].
For the model described by the potential (27) and the coupling term (28), using Eqs.
(21) and (22), the scalar spectral index ns and the tensor-to-scalar ratio r can be obtained
in terms of x ≡ φ/Mpl as
ns − 1 ≃ − eµxα2
(
1 +
µ
α
)
, (29)
r ≃ 8 eµxα2. (30)
With the help of Eq. (26), the e-fold number reads
N ≃ 1
αµ
(
e−µx − e−µxf ) . (31)
Applying the end of inflation condition ε = 1 to Eq. (20) one can find
xf =
1
µ
ln
(
2
α2
)
, (32)
which is the scalar field at the end of inflation. The result (32) shows that in contrary to
the standard canonical inflation, in the non-canonical scenario described by the action (1)
and with the dilatonic coupling term (28), the graceful exit problem of the potential (27) is
solved.
Now we can substitute Eq. (32) into (31) and in this way the e-fold number is obtained
in terms of the scalar field x as
N ≃ 1
2αµ
(
2 e−µx − α2) . (33)
Solving Eq. (33) for x leads to the following expression
x ≃ 1
µ
ln
(
2
α2(1 + 2N µ
α
)
)
. (34)
Finally, using Eq. (34) in (29) and (30) we can rewrite the scalar spectral index ns and
the tensor-to-scalar ratio r in terms of the e-fold number as
ns − 1 ≃ −2 (1 + λ)
1 + 2 λN
, (35)
r ≃ 16
1 + 2 λN
, (36)
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where λ ≡ µ/α. These relations show that the observables ns and r for the exponential
potential (27) and the coupling term (28) in the non-canonical scenario depend only on the
parameter λ and the e-fold number N . Furthermore, combining Eqs. (35) and (36) yields
the linear relation
r ≃ 8 (1− ns)
1 + λ
. (37)
We see that if λ = 0, i.e. ω(φ) = 1, Eq. (37) reduces to r ≃ 8 (1 − ns) which is the same
result obtained for the power-law inflation in the standard canonical framework [44].
In the following, we try to find the running of the scalar spectral index dns
d lnk
and the
equilateral non-Gaussianity f equilNL in terms of the e-fold number N . To do so, at first we use
Eqs. (27) and (28) in Eqs. (23)-(24) and obtain the following expressions for dns
d ln k
and f equilNL
in terms of the scalar field x as
dns
d ln k
≃ −µ
(
1 +
µ
α
)
α3e2µx, (38)
f equilNL ≃
5
72
(
11 + 6
µ
α
)
α2eµx. (39)
Then, replacing x from Eq. (34) into (38) and (39) we get
dns
d ln k
≃ − 4 λ (1 + λ)
(1 + 2λN)2
, (40)
f equilNL ≃
5
36
(
11 + 6λ
1 + 2λN
)
. (41)
Now we turn to Eqs. (35) and (36) and calculate the observables ns and r. We plot the
results in r − ns plane in Fig. 1 and compare the prediction of the model with the Planck
data. In this figure, the pink, brown and orange dashed lines are corresponding to N∗ =
40, 50 and 60, respectively, with varying λ. Also, using Eq. (37) the results for different
values of λ = 0, 1, 2 and 4 are characterized by the black, green, red and blue solid lines,
respectively. In Fig. 1, the black solid line clears that for λ = 0 which corresponds to the
standard canonical inflation, the prediction of the model lies outside the allowed regions of
the Planck 2015 data. But in the non-canonical setting (λ 6= 0), figure shows that for some
ranges of the parameter λ, the predictions of the model for N∗ = 50 and 60 can lie inside the
95% CL region of the Planck 2015 data and for N∗ = 40 can enter the 68% CL region. Using
the Planck observational constraints on r−ns plane, we determine the allowed ranges of the
parameter λ for which the model (27) with the coupling term (28) is in consistency with the
Planck 2015 data. The results are summarized in Table I. Also, using the λ values in Table I
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FIG. 1: The r − ns diagram for the exponential potential V (φ) = V0 e−α (φ/Mpl) with the dilatonic
coupling ω(φ) = e−µ(φ/Mpl). The results for N∗ =40, 50 and 60 are shown by the pink, brown and
orange dashed lines, respectively. Also, the results for λ = 0, 1, 2, and 4 are shown by the black,
green, red and blue solid lines, respectively. The case of λ = 0 corresponds to the standard canonical
inflation. The marginalized joint 68% and 95% CL regions of Planck 2013, Planck 2015 TT+lowP
and Planck 2015 TT, TE, EE+lowP data [34] are specified by gray, red and blue, respectively.
we evaluate the running of the scalar spectral index dns
d ln k
and the equilateral non-Gaussianity
parameter f equilNL with the help of Eqs. (40) and (41), respectively. Table I shows that the
values of dns
d ln k
and f equilNL predicted by our model are compatible with the Planck 2015 results.
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TABLE I: The r−ns consistency for the allowed ranges of the parameter λ ≡ µ/α as well as the pre-
dicted values for the running of the scalar spectral index dnsd lnk and the equilateral non-Gaussianity
parameter f equilNL in the model described by the exponential potential V (φ) = V0 e
−α (φ/Mpl) with
the dilatonic coupling ω(φ) = e−µ(φ/Mpl).
V = V0 e
−αx
ω = e−µx
N∗ = 40 N∗ = 50 N∗ = 60
68% CL 95% CL 95% CL 95% CL
λ ≡ µ/α λ & 2.7 1.7 . λ . 2.7 λ & 1.2 0.9 . λ . 10.9
dns
d lnk −0.0008 . dnsd ln k . −0.0006 −0.0010 . dnsd ln k . −0.0008 −0.0007 . dnsd lnk . −0.0004 −0.0006 . dnsd lnk . −0.0003
f equilNL 0.0104 . f
equil
NL . 0.0174 0.0174 . f
equil
NL . 0.0215 0.0083 . f
equil
NL . 0.0209 0.0081 . f
equil
NL . 0.0202
IV. INVERSE POWER-LAW POTENTIAL IN NON-CANONICAL INFLATION
In this section, we focus on the inverse power-law potential which arises in supersymmetric
theories and has the following form
V (φ) = V0
(
φ
Mpl
)−p
, (42)
where V0 and p > 0 are two constants of the model. This potential in the standard canonical
setting leads to the intermediate inflation with the scale factor a(t) ∝ exp[A(Mplt)f ] where
A > 0, 0 < f < 1 and p = 4(1 − f)/f [37, 44, 46–48] and its prediction lies completely
outside the region allowed by the Planck 2015 data [21, 35]. It is also important to note that
in the canonical scenario, the intermediate inflation like the power-law one has a graceful
exit problem [37]. Therefore, it is interesting to see whether in the non-canonical framework,
the potential (42) can be compatible with the Planck 2015 observations and the problem of
ending inflation can be avoided. To do so, we consider the inverse power-law coupling as
[49, 50]
ω(φ) =
(
φ
Mpl
)−m
, (43)
where m is a constant. This kind of non-canonical coupling term is motivated by string
theory. By applying the same approach that was followed for the exponential potential in
the previous section, we can obtain the relations of ns and r for the model considered here.
To this end, using Eqs. (42) and (43) in (21) and (22), we obtain ns and r in terms of the
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scalar field x as
ns − 1 ≃ p (2−m− p)x−2+m, (44)
r ≃ 8 p2x−2+m. (45)
From Eq. (26), the e-fold number reads
N ≃ 1
p (−2 +m)
(
x2−m − x2−mf
)
. (46)
Setting the condition of ending inflation ε = 1 in Eq. (20), we can find
xf =
(
2
p2
) 1
−2+m
. (47)
This clears that in contrary to the standard canonical scenario, in the non-canonical frame-
work with the field-dependent coupling (43), a graceful exit can be provided for the infla-
tionary potential (42).
Inserting Eq. (47) into (46), we get
N ≃ 1
p (−2 +m)
(
x2−m − p
2
2
)
. (48)
Solving Eq. (48) for x, we obtain
x ≃
(
N (−2 +m) p+ p
2
2
) 1
2−m
. (49)
Finally, replacing Eq. (49) into (44) and (45) we can rewrite ns and r in the following forms
ns − 1 ≃ 2−m− p
(p
2
) + (−2 +m)N , (50)
r ≃ 8 p
(p
2
) + (−2 +m)N . (51)
Furthermore, using Eqs. (42) and (43) in (23) and (24), one can rewrite the running of the
scalar spectral index dns
d ln k
and the equilateral non-Gaussianity f equilNL as
dns
d ln k
≃ −(−2 +m)(−2 +m+ p) p2 x−4+2m, (52)
f equilNL ≃
5
72
(−12 + 6m+ 11p) p x−2+m. (53)
With the help of Eq. (49), the above equations read
dns
d ln k
≃ −(−2 +m)(−2 +m+ p)(
(−2 +m)N + p
2
)2 , (54)
f equilNL ≃
5
72
(−12 + 6m+ 11p
(−2 +m)N + p
2
)
. (55)
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Now we turn to study the consistency of our model in the r − ns plane. Combining Eqs.
(50) and (51) leads to the linear relation
r ≃
(
8p
2−m− p
)
(ns − 1). (56)
When m = 0, Eq. (56) leads to the relation obtained for the inverse power-law potential in
the standard canonical inflation as [47]
ns ≃ 1−
(
p− 2
8 p
)
r. (57)
The above equation clearly indicates that for p < 2 since r > 0 then we have ns > 1 which
is outside the 95% CL region of the Planck 2015 data. For m = 0, using Eq. (57) the
r − ns diagram for different values of p ≥ 2 are shown in Fig. 2. The figure illustrates that
the predictions of the inverse power-law potential (42) in the standard canonical framework
(m = 0) for p ≥ 2, like the case p < 2 as discussed above, are not consistent with the
Planck 2015 data. Also for m = 0 in the limit of p ≫ 1, Eq. (57) reduces to the relation
r = 8 (1−ns). This shows that the result of intermediate inflation (i.e. a(t) ∝ exp[A(Mplt)f ]
where A > 0, 0 < f < 1 and p = 4(1 − f)/f) in canonical setting for p ≫ 1, as shown in
Fig. 2, is same as that obtained for the power-law inflation (i.e. a(t) ∝ tq where q > 1) in
the standard canonical scenario [44]. See also the black solid line in Fig. 1.
In Fig. 2, using Eqs. (50) and (51) we further plot the r − ns diagram for the non-
canonical scenario (m 6= 0). The pink, brown and orange dashed lines are corresponding to
N∗ = 40, 50 and 60, respectively, with varying p and m. Our investigation shows that for a
given N∗, the results for different p values with varying m overlap with each other. Figure
3 shows this in more details. For instance, in Fig. 3, for N∗ = 40 when 4.5 ≤ m ≤ 15 the
result for p = 2 overlaps with that one obtained for p = 4. This can also be understood in
another way. With the help of Eqs. (50) and (51) one can find
dr
dns
∣∣∣
N=N∗=cte.
= −
(
16N∗
2N∗ − 1
)
, (58)
which shows that the slope of r− ns diagram when N = N∗ = cte., is independent of p and
m values.
In Fig. 2, using Eq. (56) we also plot the predictions of the model for the two cases p = 2
and 4 with different values of m = (7, 16). From the figure, we see that in the non-canonical
framework (m 6= 0) for N∗ = 50 and N∗ = 60, the results of the model (for any value of
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FIG. 2: The r − ns diagram for the inverse power-law potential V (φ) = V0 (φ/Mpl)−p with the
field-dependent coupling ω(φ) = (φ/Mpl)
−m. The results for N∗ = 40, 50 and 60 are shown by
the pink, brown and orange dashed lines, respectively. Also, the predictions of the model for the
two cases p = 2 and 4 with m = (7, 16) are illustrated by the solid and dash-dotted color lines.
Furthermore, the results for the standard canonical inflation (m = 0) with different values of p ≥ 2
are presented by the black solid lines. The marginalized joint 68% and 95% CL regions of Planck
2013, Planck 2015 TT+lowP and Planck 2015 TT,TE,EE+lowP data [34] are specified by gray,
red and blue, respectively.
p > 0) can lie within the 95%CL region allowed by Planck 2015 TT, TE, EE+lowP data
and if we take N∗ = 40, the results can enter the 68% CL region. In Table II, using the
r − ns constraint on the model parameters we present the allowed ranges of the parameter
m for different values of p = 1, 2, 3, 4, 5, 6. Besides, Table II summarizes the predictions of
the model for dns/d ln k and f
equil
NL obtained using (54) and (55), respectively. The results
for dns/d ln k and f
equil
NL are consistent with the Planck 2015 observations. Note that the
values of dns/d ln k and f
equil
NL listed in Table II are same as those obtained in Table I. This
is because of Eqs. (54) and (55) by changing variable m−2
p
→ λ reduce to Eqs. (40) and
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FIG. 3: The r−ns diagram for the inverse power-law potential V (φ) = V0 (φ/Mpl)−p with the field-
dependent coupling ω(φ) = (φ/Mpl)
−m. The results for p = 2 and p = 4 with N∗ = (40, 50, 60)
are shown by the black solid and color dashed lines, respectively. Here 4.5 ≤ m ≤ 15. The
marginalized joint 68% and 95% CL regions of Planck 2013, Planck 2015 TT+lowP and Planck
2015 TT,TE,EE+lowP data [34] are specified by gray, red and blue, respectively.
(41), respectively.
V. CONCLUSIONS
Here, we investigated inflation within the framework of non-canonical scalar field. With
the help of scalar and tensor spectrum, we first obtained the basic relations governing the
inflationary observables including the scalar spectral index ns, the tensor-to-scalar ratio
r, the running of the scalar spectral index dns/d ln k and the equilateral non-Gaussianity
parameter f equilNL in terms of the potential V (φ) and the non-canonical coupling ω(φ).
Then, we applied these results for the two models containing the exponential potential
V (φ) = V0 e
−α(φ/Mpl) with the dilatonic coupling ω(φ) = e−µ(φ/Mpl) and the inverse power-
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TABLE II: The r−ns consistency for the allowed ranges of the parameter m for different values of
p as well as the predicted values for the running of the scalar spectral index dnsd ln k and the equilateral
non-Gaussianity parameter f equilNL in the model described by the inverse power-law potential V (φ) =
V0 (φ/Mpl)
−p with the filed-dependent coupling ω(φ) = (φ/Mpl)
−m.
V = V0 x
−p
ω = x−m
N∗ = 40 N∗ = 50 N∗ = 60
68% CL 95% CL 95% CL 95% CL
p = 1 m & 4.7 3.7 . m . 4.7 m & 3.2 2.9 . m . 12.9
p = 2 m & 7.4 5.4 . m . 7.4 m & 4.4 3.9 . m . 23.8
p = 3 m & 10.1 7.1 . m . 10.1 m & 5.6 4.8 . m . 34.7
p = 4 m & 12.8 8.8 . m . 12.8 m & 6.8 5.8 . m . 45.6
p = 5 m & 15.5 10.5 . m . 15.5 m & 8.0 6.7 . m . 56.5
p = 6 m & 18.2 12.2 . m . 18.2 m & 9.2 7.7 . m . 67.4
dns
d lnk −0.0008 . dnsd ln k . −0.0006 −0.0010 . dnsd ln k . −0.0008 −0.0007 . dnsd lnk . −0.0004 −0.0006 . dnsd lnk . −0.0003
f equilNL 0.0104 . f
equil
NL . 0.0174 0.0174 . f
equil
NL . 0.0215 0.0083 . f
equil
NL . 0.0209 0.0081 . f
equil
NL . 0.0202
law potential V (φ) = V0(φ/Mpl)
−p with the field coupling ω(φ) = (φ/Mpl)
−m. We found
that in contrary to the standard canonical inflation (i.e. ω(φ) = 1), the predictions of both
models in the r − ns plane for N∗ = 50 and N∗ = 60 can lie inside the 95% CL region
of the Planck 2015 TT,TE,EE+lowP data and for N∗ = 40 can enter the 68% CL region.
Using the r− ns constraint, we also determined the allowed ranges of the constant parame-
ters appeared in the both models. Finally, we estimated the running of the scalar spectral
index dns/d ln k and the equilateral non-Gaussianity parameter f
equil
NL for the both models
and conclude that the results of these two observables are also consistent with the Planck
2015 observations. It is also worth to mentioning that although the exponential and inverse
power-law potentials in the standard canonical setting suffer from the graceful exit problem
in which inflation never ends, this central drawback is resolved in non-canonical inflation.
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